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into sucrose, polysaccharides and the three-carbon compounds alanine and serine. Fixation into the four-carbon compounds~li~and aspartic acids is enhanced in an alkaline medium. Kinetic experiments at extreme pH values suggest that several paths are available for carbon dioxide assimilation.
A tentative correlation of the results with the pH optima of some enzymes and resultant effects upon concentrations of intermediates is pr f3sented.
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The extent to which the inter-nsl pH of a living cell can be influenced by that of the external medium is still a matter of uncertainty. Since the enzymes involved in the various metabolic processes'have different pH optima, it may be expected that a shift in the internal pH would exert a selective influence upon the rates of those processes. Effects of this kind, coupled with changes in oxidation-reduction potentials, may well be related to the differences between the paths of carbon in photosynthesisj) dark assimilation and respiration. Since many of the features of the photos,ynthetic assimilation of radioactive carbon dioxide have now been revealed 1 ,2,lO, it seemed to us that this reaction might provide a useful tool for the study of internal pH effects and that these, in turn, could contribute to our understanding of the various steps involved in photos,ynthesis.
The effect of pH upon the overall rate of photosynLi,(;sis has been the object of rather few systematic investigations,3,4 c.lthough a number of incidental observations are scattered through the liteJ:".:l.L.lre. Emerson and Green 5 found no appreciable variation between pH 4. 6 and 8.9 in Chlorella, Pratt 6 reported large differences in more alkaline solutions over long periods and Brilliant l2 observed differences in a number of species. Recent~, Warburg and Burk 7 measured higher quantum yields at pH 5 than at pH 9j) and Franck 8 postulated an influence of pH upon the permeability of the chloroplast membrane.
Factors such as membrane permeability, the concentration of carbon dioxide and its distribution among the species CO 2 , H00.3-and C0 3 --, and also the value of the photosynthetic quotient, are difficult to control and to separate from a direct influence of pH changes upon the UCRL-15l0 metabolic steps. In this preliminar,r and forcibly qualitative survey, no strict control of the above variables could be attempted. In order to minimize the action of transition and adaptation phenomena, the cells were exposed to the buffer for identical periods before each c l 40 2 fixation experiment. Ten minutes was found to be sufficient for the buffer to exert its full effect upon the rate of fixation of carbon dioxide
. and is believed to be too brief to permit the changes in enzyme con- The total phosphoglycerate radioactivity in the extract was 2,5 times as great at pH 1006 as at pH 20 The corresponding ratio of activity in the hexose (largely glucose) monophosphates was 1070
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Results ID.fluence of EH on_the fixation .rate. -In preliminary experiments, it was found that, after standing thirty minutes at pH 1 or 1105, the algae were still able to fix appreciable amounts of Cl/~2 in the light. Exposure to those media for various lengths of time showed that the fixation rates decreased during the first five to ten roinut~and thereafter remained constant for at least another twenty minutes. When such~acid or alkaline suspension was brought back to neutrality ten minutes before the fixation experiment, the rate was the same as in a sample of the original neutral suspension" indicating that the rate-depressing effect of exposure to an extreme pH is fully reversible over the brief periods used in this worko All experiments were therefore carried out after a ten-minute exposure of the cells to the buffero Distribution of labeled intermediateso -Large differences were found in the relative radioactivity of labeled intermediates resulting from twominute photosyntheses in acid or alkaline medla.. The trends shown in Figure 2 for two experiments at the lowest and highest light intensities used were qualitatively the same in all the other experiments, in spite of the difference in total fixation rateso With increasing pH, the fraction of the radioactivity fixed in the four-carbon compounds malic and aspartic acids during two minutes increases while the fraction in the three-carbon compounds alanine and serine, and also in sucrose, decreaseso The fraction in polysaccharides. (insoluble material) also decreaseso The activity incorporated into the pentose p hexose and heptose monophosphates seems to depend strongly upon the light intensity; on the whole, it increases with pH at the higher intensities but decreases at low intensities, two extreme cases being shown in Figure 20 The pH dependence of malic acid is the same over a wide range of conditions, as seen on the curves in Figure 2 and 3, which also SUggest the existence of a secondary maximum near pH 40
Kinetic experiments 2 ,11 have alreadyndicated two possible modes of initial incorporation of carbon dioxide8 one into athree-Q~boncompound.
and one into a four-carbon compoundo From our results, it seems that an acid medium accelerates initial incorporation into three-carbon compounds and an alkaline one accelerates four-carbon compound synthesiso Further support for this hypothesis is found in the curves of Figure 40 At the UCRL-1510 initial instant of an experiment the compound (or compounds) into which carbon dioxide is fixed should contain the totality of the radioactivity.
The fraction of total activity in such compounds should decrease as more and more C14 is passed on to subsequent intermediateso This behavior is exhibited by alanine at both pH 1.6 and 1003 and by malic acid at pH 10.30
The time series does not extend to short times and recent experiments in this laboratory have shown that the activity fraction in alanine decreases to zero in very short photosyntheseso The phosphate curves, of which phosnhoglvcerate is the major component, represents the principal point of C 14 entry on the acid side but not on the alkaline oneo The curves for serine and sucrose (not shown in the diagrams) are almost exactly complementary to the fluctuating curve for phosphate at pH 106, whereas at 10.. 3 serine and sucrose start from zoero and increase very slowJ¥ to a value of about 5% after five minuteso Assuming, as a working~othesis, that the observed effects are due mainly to changes in rate constants of the various enzymatic reactions brought about by shifts in intracellular pH, it wo.uldbe of interest to correlate the observations with the pH optima of known enzymeso Those involved in carboxylationshave optima around pH 4-6, thedehydrogenases near pH 9; several glycolytic enzymes show optima in the region of pH 8-9.
Trre~carboxylation reaction forming malic acid has an optimum near pH 5. 
